Polyamines were identified by high performance liquid chromatography (benzoylation) and by thin layer chromatography (dansylation) 
Polyamines, which occur ubiquitously in plant tissues, have recently been shown to function in growth and differentiation processes in plants (2, 5, 20, 21) , as well as in plant response to stress conditions (1, 20) . Similar functions are mediated by known plant hormones, with more solid evidence as to their actual participation in growth control. It is, thus, tempting to consider polyamines as another class of endogenous growth regulators of hormonal nature, albeit rigorous evidence is still lacking at this stage. Uptake and transport of a compound is an important criterion for its regulatory function, and this is well established for plant hormones. Direct evidence for polyamine uptake and translocation is scarce, and this aspect was investigated only recently, using three experimental systems. Injection of '4C-labeled amino acids and polyamines to cotyledons of etiolated pea seedlings resulted in only very little transport of Put2 and Spd to shoots and roots during 4 h (23) . In another study, Put, Spd, and Spm uptake in excised petals of Saintpaulia ionantha was found to occur against a concentration gradient; the rate of uptake was linear, pH dependent, and was related to 2Abbreviations: Put, putrescine; Spd, spermidine; Spm, spermine. membrane potential (4, 17) . Furthermore, it was found that apple fruitlets and young leaves can synthesize polyamines and translocate Put via the peduncle (3) . Former experiments on the effect of salt stress on polyamines in mung bean plants indicated that NaCl induced Put biosynthesis in roots and its accumulation in leaves, suggesting root-to-shoot translocation (1, 10) . Accordingly, the possibility oflong distance translocation of polyamines in plants was investigated by analyzing vascular exudates of several plant species. The vascular exudates should contain the compounds transported from the root system to the shoot (normally in the xylem sap), or compounds exported from the shoot (usually in the phloem sap). Indeed, it is well established that the xylem sap contains a mixture of nitrate, ammonia, and organic nitrogenous compounds, including several amino acids (6, (14) (15) (16) 22) , but polyamines were not assayed.
In POLYAMINES IN XYLEM AND PHLOEM EXUDATES below a node, and bleeding sap was allowed to drip into appropriate vials. The exudation rate from one grapevine branch was about 1 ml per 5 min. For orange, 20 cm long branches were introduced into a pressure chamber, with the basal cut-surface protruding on the outside. Exudate was collected from the cutsurface, using a Pasteur pipette, while applying a 25 bar pressure for 3 min. A total of 1.5 ml sap was collected from six orange branches. All saps thus collected are hereinafter referred to as 'xylem exudates.' These were immediately mixed with HC104 to a final concentration of 5% v/v, and stored at -20'C.
For phloem sap (hereinafter referred to as 'phloem exudates'), the EDTA exudation technique was used (12, 13) . Eight-or 13-d-old sunflower plants and 8-d-old mung bean plants were excised, as described previously for xylem exudates, under a solution of 20 mm Na2-EDTA (pH 7.0). The excised shoot was placed into 0.2 ml Na2-EDTA solution in an Eppendorf vial so that 2 to 3 mm of the basal portion of the stem was immersed. The stems were thus maintained for 3.5 h in a humid chamber in the dark, at 25TC. The For TLC, samples were dansylated and chromatographed as described previously (9), using Merck DC-Alufolien Kieselgel 60 TLC plates, and the spots were traced with a long wave UV lamp.
RESULTS
Xylem exudates ofthe four plant species were initially analyzed by TLC, to observe the appropriate spots of dansylated polyamines (Fig. 1 studied ( Figs. 1 and 2 ; Table I ). The presence of polyamines in the bleeding exudate of cut stumps, which represents the ascending xylem sap (6, 14, 16) , implies that polyamines can be synthesized in the root system and exported to the shoot. This is not surprising in view of the extensive information on the abundance of inorganic and organic nitrogenous compounds, including amino acids, in xylem and phloem saps (12, (14) (15) (16) . It has been established that polyamines are present and are synthesized in roots of various plants (7, 19, 21) , in addition to their synthesis in other plant organs.
The finding that Put concentration in xylem and phloem saps varies considerably in relation to plant age and root salt stress (Tables II, III , and IV) suggests that the physiological condition of the root system (where polyamines can be synthesized) and of the shoot (where they are translocated and synthesized) affects the formation and partitioning ofpolyamines. This consideration is well established for other nitrogenous constituents (6, 16) , and, thus, may apply as well for polyamines which are synthesized via the arginine-ornithine-citrulline cycle, with the incorporation of nitrogen from glutamate (2, 20, 21) . This is supported by the observations that asparagine, glutamine, and arginine may comprise a major fraction of the transported nitrogen, especially in legumes and trees (16, 22 (Tables I and IV) . Environmental stress conditions like potassium deficiency, pH, and salinity trigger Put accumulation in leaves (1, 20, 21) , and in the case of salinity it has been suggested that Put is translocated from the roots to the shoot system (10) . This is supported by the present findings that more Put is transported in the xylem exudate of salt-stressed plants (Table III) . Earlier studies, using specialized experimental systems and radioactively labeled compounds, did not establish translocation of polyamines (23) . This may suggest that polyamines lack an important feature to be regarded as a growth regulating compound (1 1). Feeding of labeled compounds and their detection may be subject to some problems, e.g. isotopic dilution, metabolic conversions, and possible binding to cell components of the transport system. The latter may be of special significance to polyamines, which are protonated at acidic pH (which is usually the case with xylem sap [16] ), and, thus can bind to cell walls or membranes, preventing their free transport. Detection of polyamines in the vascular sap of plants, as found in the present study, may be regarded as strong evidence for their translocatability between organs. This is also supported by additional data of work in progress, including accumulation of polyamines in the bark above a girdling zone, and presence of polyamines in plant 'fluids' like flower nectar.
